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Abstract
In recent years, climate change has produced a trend of temperature rising and fluc-
tuation of annual precipitation in arid and semiarid grassland ecosystem, which has 
an impact on grassland plant functional traits including plant morphology, photosyn-
thesis, and respiration efficiency. The dominant species in China’s arid and semiarid 
grassland are Stipa krylovii, Stipa breviflora, Leymus chinensis, and other common steppe 
species. This study summarized the results of temperature and precipitation change test 
in the growing season in China’s arid and semiarid grassland and analyzed the change 
rule of plant functional traits of typical species. According to several test results, the 
plant functional traits generally changed as follows: (1) plant height showed declined 
trend under warming and dry condition, but plant total leaf number and leaf area 
increased, and root-top ratio decreased as temperature and precipitation went up. (2) 
Chlorophyll content and plant photosynthesis and respiration efficiency grew under 
warming and high precipitation. (3) Hydrothermal conditions had synergistic effect on 
plant functional traits; increased precipitation helped grassland species to resist high-
temperature stress. This study contributed to an understanding of plant morphology 
and physiological response to climate change of dominant species in China’s arid and 
semiarid grassland.
Keywords: grassland plants, plant functional traits, plant morphology, photosynthesis 
and respiration efficiency, climate change
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1. Introduction
Greenhouse gases such as CO2 released by human activities contribute to the increase of 
atmospheric temperature [1, 2]. Sea level rise [3] and global precipitation fluctuation [4, 5] 
caused by global climate change have great impacts on terrestrial ecosystem. Forest, grass-
land, and farmland ecosystems show their responses to temperature and precipitation change 
on microscale, appearing as the relationship between plant morphology and physiological 
characteristics and climate factors [6–9]. As an important basic part of the ecosystem, plants 
become an ideal indicator in climate change simulation research. Plant functional traits refer 
to a series of plant physiological and ecological indicators reflecting plants absorb, use, and 
maintain resources [10]. Plant functional traits show the functional characteristics of the eco-
system and the change of the environment [11]. In this chapter, plant functional traits include 
plant morphology, plant photosynthesis, and respiration indicators. Summarizing plant 
functional traits change rules under warming and precipitation changes contributes to the 
indication analysis of grassland plants on global climate change and provides scientific basis 
to explore the response of grassland ecosystem to climate change on microscale.
Grassland is the largest terrestrial ecosystem in China, accounting for 41.7% of China’s land 
area [12]. It is an important ecosystem in northern and northwestern China. The constructive 
species in China’s arid and semiarid grassland are mostly Stipa krylovii, Stipa breviflora, Leymus 
chinensis, and dozens of other xerophyte grassland plant species. They have curled leaves, 
inside porosity, narrow leaf area, and strong root system to help them to be resistant to dry 
climate. In spring, summer, and autumn, the grass leaves are perfect forage for livestock. 
According to research, since the 1980s, the average temperature in China’s Inner Mongolia 
grassland region experienced an obvious increasing trend; the rate of warming was 0.4°C/10a, 
which was far more than the average warming rate of mainland China. In addition, the aver-
age annual precipitation of Inner Mongolia grassland region in the last 50 years continually 
decreased with a rate of 4.5 mm/10a [13].
As an important environmental factor of grassland ecosystem, the effects of climate change on 
the physiological and ecological characteristics of grassland plants are significant. The change 
of the key environmental factors such as temperature and precipitation will influence the 
grassland ecosystem dominant species through disturbing their physiological and ecological 
processes, such as plant morphology, evapotranspiration, decomposition, photosynthesis, 
respiration, etc. The increase of the concentration of CO2 in the atmosphere causes warming and precipitation change and has a significant impact on plant functional traits and causes 
grassland ecosystem adaptations in different scales, grassland communities’ productivity, 
composition, and ecological system change with climate change [14].
The response of grassland ecosystem to climate change is summarized in three scales: species, 
community, and ecosystem (Figure 1). A large number of research focus on the community 
structure [15], community productivity [16, 17], and the assessment biodiversity of differ-
ent grassland ecological systems [18, 19]. Most of the plant photosynthesis and respiration 
research also provide results on ecosystem scale, which discuss the contribution of photosyn-
thesis and respiration to carbon balance [20]. However, there is less research in species scale, 
focusing on the dominant species of Chinese grassland such as Stipa and Leymus in the face 
of the temperature increase and rainfall decrease condition, analyzing the plant morphology, 
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photosynthesis, and respiration efficiency and other physiological-ecological responses and 
the adaptive strategies. Therefore, this chapter summarized plant morphology and photo-
synthetic and respiratory efficiency changes of typical arid and semiarid grassland under 
different warming and precipitation conditions, showed the response mechanism of typical 
grassland plant functional traits to climate change, and explained the adaption of China’s arid 
and semiarid grassland ecosystems to climate change on microspecies scale.
2. The influence of warming and precipitation change on plant 
morphology
Plant morphology refers to the change of plant appearance and structure, including ground 
parts (leaf, flower, and seed) and underground parts (roots). Environmental changes may 
Figure 1. Influence of climate change on ecosystem in different scales.
The Plant Functional Traits of Arid and Semiarid Grassland Plants under Warming and…
http://dx.doi.org/10.5772/intechopen.79744
3
result in different structures of plants with the same genes, such as different plant height and 
leaf area. The expression of plant physiological changes affected by the environment is shown 
in the form of plant structure. Therefore, it is helpful to understand the adaptation mechanism 
of plant morphology under temperature and precipitation change. The responses of plant 
morphology to temperature and precipitation change were summarized in Table 1.
2.1. Effects of warming
The ground part of plant morphology includes plant height, branch, canopy, etc. These char-
acteristics play an important role in the obtaining and use of sunlight energy. The influence 
of warming on plant structure shows indeterminacy in different species and regions. The 
herbaceous species in arid region may increase individual growth rate under warming con-
dition, which leads to a shorter growth cycle. As a result, the time for “carbon fixed” and 
biomass accumulation before seed production is reduced, leading to the formation of shorter 
individuals by the plant [21].
Leaves are the main plant photosynthetic organs; among all of the plant organs, the leaves 
have the largest morphological diversity and flexibility under environmental change. The 
influence of temperature on leaf morphology is indefinitely according to different grassland 
species [22]. Han et al. [23] found that the leaf thickness of C4 plant such as Leymus increased 
with temperature rise, but the leaf thickness of C3 plant such as Stipa did not show the same 
trend. The influence of temperature on plant total leaf area also indicates a large variability. 
In general, plant leaf area increases with temperature rise [24]. Under the same temperature 
range, the increasing rate of annual herb SLA on grassland is larger than woody plant SLA.
The root morphology is the spatial distribution structure of root system. It shows the dynamic 
response to temporal and spatial variation of nutrient supply and other related constraints 
Plant morphology Warming Precipitation increased
Plant height ↓ ↑
Leaf thickness C4↑, C3→ Uncertain
Total leaf area ↑ ↑
Single leaf area Uncertain →
Leaf number Uncertain ↑
Leaf nitrogen Uncertain ↓
Root length ↑ ↓
Root diameter ↑ Uncertain
Root-top ratio ↑ ↓
↑ means positive correlation, ↓ means negative correlation, → means invariability, “uncertain” means insufficient research 
evidence.
Table 1. The change rule of plant morphology under warming and precipitation change.
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[25, 26]. Plant root system has an important role in plants’ life course. However, there is little 
research that focus on root structure and morphological characteristics, and most of them are 
qualitative description rather than quantitative measurement. In general, warming condition 
increases the root length and activity, improves the nutrient obtained and rate of the unit root 
length, and thus affects the growth and morphology of the whole plant root system [27]. The 
present research suggested that with sufficient nutrition and sunlight conditions, when plants 
grew below the optimum temperature, warming would promote the expansion of the root, 
increased the diameter of the fine root, and changed the root branching pattern [28]. When 
the temperature is higher than optimum, the increase of temperature will limit the growth 
of plants. The effect of warming on root-top ratio of different grassland species is different. 
Research on the grassland plants in an arid area showed that the temperature rise had no 
significant effect on the root-top ratio of herbaceous plant [29, 30], but Hou et al. [31] made a 
conclusion from the study of four herbaceous plants in grassland that Stipa and Carex species 
root-top ratio decreased as temperature rise.
2.2. Effects of precipitation
Water and precipitation are the main limiting factors affecting plant growth and survival in 
arid and semiarid regions. The adaptation characteristics of desert plants are all related to 
the use of water resources. Limited precipitation directly restricts the expression of grass-
land plant morphology, and plants are confronted with the balance of resource allocation in 
growth, reproduction, and maintenance [32, 33]. The response of grassland plant morphology 
to precipitation is the results of plants’ long-term adaptation to drought.
Precipitation has positive correlations with plant height, total leaf area, plant tiller number, 
and leaf number but has no obvious influence on single leaf area [34]. The change of total 
leaf area is mainly because of leaf number change. Leaf nitrogen content and chlorophyll 
content are positively correlated with precipitation. In China temperate grassland, the Stipa 
and Leymus species’ leaf nitrogen apparently increases in low precipitation condition, which 
is the strategy of plant to tolerate water limitation [35], but severe drought decreases wheat 
nitrogen content [36]. The influences of precipitation on plants have a great extent and 
depth. Grassland plants have several sensitivity and variable indicator response to precipita-
tion change. Research showed that under less rainfall, Stipa plant height, biomass, and seed 
weight decreased, and leaf length and root-top ratio increased. The Stipa species improved 
water use efficiency by reducing leaf number, spending more on root system to absorb 
moisture from soil as much as possible [37, 38]. Stipa becomes a dominant species in the 
drought environment in China’s Inner Mongolia arid and semiarid grassland. Due to long-
term adaptation to the drought environment, Stipa adapts to low precipitation by increasing 
root-top ratio in greater degree, reducing the growth of plant organs—for example, lessen 
plant height and leaf number—and giving priority in maintaining the growth of root system 
to ensure the moisture absorption. It is proved that grassland plants have strong drought 
tolerance ability [39].
Generally speaking, under abundant precipitation, grassland plants have larger total leaf 
area, plant height, tiller number, and leaf number. However, in the drought environment, 
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plants adapt to drought conditions with a number of growth strategies, including reducing 
the ground biomass, plant height, and leaf number, slowing down growth rate, and increas-
ing root-top ratio [40].
3. The influence of warming and precipitation change on plant 
photosynthesis
Photosynthesis is the process of plant absorbing light energy and compounding organic mat-
ter through CO2 and water (H2O) synthesis and releasing O2 at the same time. It is the basis of material circulation and energy flow of land ecosystem. Photosynthesis is easily affected by 
the growth of plants [41–43] and environmental conditions (such as illumination, tempera-
ture, and moisture) [44, 45]. Temperature and precipitation are the most important climatic 
factors affecting plant photosynthesis. The responses of plant photosynthesis to temperature 
and precipitation change were summarized in Table 2.
3.1. Effect of Warming
Plant photosynthesis is a chemical reaction consisting of a series of enzymatic reactions. 
Photosynthesis has the highest efficiency under optimum temperature range; temperatures 
fall too far below or above this range will make photosynthesis efficiency decrease. And the 
decrease rate shows differences between different species [46]. On the one hand, cold climate 
inhibits photosynthesis because the low temperature leads to membrane lipid phase change, 
chloroplast ultrastructure damage, and the passivation of enzymes. On the other hand, high 
temperature causes thermal denaturation of membrane lipid and enzyme protein and enhances 
plant light respiration and dark respiration which reduce the net photosynthetic efficiency. C4 
plants’ optimum temperature of photosynthesis is 40°C, and C3 plants’ optimum temperature 
of photosynthesis was around 25°C [47] (Figure 2). Moderate warming could increase pho-
tosynthetic efficiency and water use efficiency and raise other photosynthetic parameters of 
plants [48, 49], but excessive warming will repress photosynthetic efficiency [50].
Temperature affects plant leaf photosynthesis in many ways, such as the influence of tempera-
ture on stomatal conductance, chlorophyll content, intercellular CO2 concentration, thylakoid 
Plant photosynthesis Warming Precipitation increased
Leaf stomatal conductance ↓ ↑
Chlorophyll content ↑ ↑
Intercellular CO2 concentration ↑ ↑
Water use efficiency ↓ ↓
Photosynthesis efficiency Uncertain ↑
↑ means positive correlation, ↓ means negative correlation, “uncertain” means insufficient research evidence.
Table 2. The change rule of plant photosynthesis under warming and precipitation change.
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membrane, electron transfer, and rubisco activity. It is generally believed that as the tempera-
ture increases, leaves’ stomatal conductance and transpiration decrease, whereas saturated 
vapor pressure difference and water use efficiency increase [51, 52]. Hikosaka [53] compared 
the main parameters of photosynthesis affected by temperature, including the intercellular 
CO2 concentration, the maximum rate activation energy of ribulose-1,5-bisphosphate(RuBP) catalyzes (Eav), and maximum rate activation energy of RuBP regeneration ability (Eaj). He 
pointed out that the Eav and Eaj were the most sensitive parameters to temperature changes 
and dominant factors to determine the optimal temperature of photosynthesis. At present, 
the influence of temperature on photosynthetic efficiency of plants is still controversial. The 
increase of temperature is conducive to plant photosynthesis [54, 55], or inhibitive [56], or no 
significant effect [57, 58]. This may relate to different geographical locations, vegetation types, 
and different temperatures, which need to be verified by field simulation results in specific 
regions.
3.2. Effect of precipitation
Water is an important ecological factor to maintain plant growth and reproduction. Water is 
not only an important component of plant and metabolism reaction substance but also the 
solvent of material absorption and transport for plant. However, water consumed by plant 
photosynthesis only accounts for a small percentage of the plant’s absorption from the soil 
(about 1%), most of the rest is lost by transpiration [59].
In arid and semiarid regions, the influence of precipitation change on photosynthesis is 
larger than warming [60], because water in this area is the main restrictive environmental 
factor affecting plant growth and productivity [61, 62]. Research showed that increasing pre-
cipitation promoted the photosynthetic rate, stomatal conductance, and transpiration rate of 
plants but led to the decrease of plant water use efficiency [63, 64], while water stress had the 
opposite influence [65]. Plant leaf chlorophyll content and photosynthetic rate decrease sig-
nificantly after precipitation reduces. Even if rainfall increases again, it still could not reverse 
the downward trend of chlorophyll content at the beginning [66]. The effect of soil water 
Figure 2. Correlation between temperature and photosynthesis efficiency [47].
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increased and high temperature together has compensated effects on plant photosynthesis 
[56]. However, excessive soil moisture content leads to the decrease of soil aeration, interferes 
with the root activity, and indirectly reduces photosynthesis efficiency.
4. The influence of warming and precipitation change on plant 
respiration
Respiration is the process by which the organic matter in cells is oxidized and decomposed 
under the action of a series of enzymes. Respiration provides most of the energy needed for 
plant life. Part of the energy released during respiration is stored in the form of high-energy 
compound adenosine triphosphate (ATP). The energy released by ATP hydrolysis process is 
supporting plant life and activities in the body, such as cell division, plant growth, the absorp-
tion of mineral elements, etc. Other energies convert into heat energy and lose in the air. The 
intermediate product of oxidation provides raw materials for many biosynthesis processes. 
The emission of CO2 in respiration is an important physiological process, which affects the carbon balance of plants and ecosystem. The responses of plant respiration to temperature 
and precipitation change were summarized in Table 3.
4.1. Effect of warming
Since respiration is an enzymatic reaction, the factors that affect the activity of enzymes also 
affect respiration. According to the correlation curve of temperature and enzyme activity, 
plant respiration has three temperature basis points, the highest, the optimum, and the lowest 
point (Figure 3). Exceeding the lowest and highest temperature point causes the destruc-
tion of the cell protoplasmic structure and eventually causes the plant death. The optimum 
temperature for respiration refers to a temperature range which can maintain a high level of 
respiration efficiency. For most of the grassland plants, the lowest respiration temperature 
is about −10 to approx. −20°C. Some cold-resistant plants can survive as low as −25°C. The 
highest respiration temperature is around 45°C. According to Stipa grassland control experi-
ments, the largest respiration rate appears in 40°C, but the duration is very short and quickly 
decreases. However, at 25°C, although the respiration rate is lower than the rate of 40°C at 
the beginning, it can maintain a high level for a relatively long time [67, 68]. In addition, 
Plant respiration Warming Precipitation increased
Leaf stomatal density Stipa, Leymus↑ Carex→ Uncertain
Metabolic heat release rate ↑ Uncertain
CO2 output rate ↑ Uncertain
Respiration efficiency Optimum range↑ Generally ↑, soil moisture saturated or below 60%↓
↑ means positive correlation, ↓ means negative correlation, “uncertain” means insufficient research evidence.
Table 3. The change rule of plant respiration under warming and precipitation change.
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the effect of temperature on the respiration efficiency depends on the coordination of other 
climate conditions. With different conditions, the optimum temperature range of respiration 
also changes. The plant physiological activity change is the combined contribution of many 
climate factors. For example, the increasing temperature will improve transpiration of plants 
and evaporation of soil moisture, promote the mineralization of nitrogen, and cause changes 
in the activity of enzymes associated with respiration [69, 70].
Some studies confirmed that moderate increase in temperature could promote respiration 
efficiency [71, 72]. High temperature might cause total leaf area increase [68], and the added 
leaf stomata increases the cell oxygen partial pressure and therefore promotes the respiration 
efficiency [73]. The stomatal density of Leymus and Stipa leaves increases with the high tem-
perature, while the stomatal density of Carex does not change with temperature [74]. Under 
the rising temperature, the metabolic heat release rate (Rq) and CO2 output rate (RCO2) of 
Ceratoides are gradually increasing. The differences of Rq and RCO2 between various Ceratoides species increase gradually above 25°C. Compare with the species in Inner Mongolia cold 
regions, the increasing rate of Ceratoides species in relatively warm regions such as Xinjiang, 
China, shows a greater increase. However, after more than 35°C, the respiratory metabolism 
of Ceratoides is restrained under high-temperature stress.
4.2. Effect of precipitation
Plant respiration is less sensitive to desiccation than photosynthesis. However, the response 
to desiccation of photosynthesis efficiency and respiration efficiency is roughly the same. In a 
wide range of moisture in soil from 70 to 90%, the respiration rate maintains relatively stable. 
But in the range of lower moisture in soil below 60%, the respiration rate decreases with the 
soil water content [75].
Precipitation can affect the water filling degree of plant cells, and the water saturation degree 
of protoplasmic cells also has a strong influence on respiration. For plants in the seed stage, 
Figure 3. The three basis points of respiration temperature.
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the respiration efficiency increases with the increase of water content. For plant in the growth 
stage, water and respiration rates are also positively correlated. Nevertheless, when water 
shortage causes plant leaves to become yellow, their respiration rate will also be extremely 
active for a short time. It is explained from the perspective of plant material and biological 
characteristics that swelling of dry seeds and fresh tissue dehydration both can cause enzyme 
activity transfer to hydrolysis and greatly increase the number of respiratory substrate and 
reinforce respiration [76]. High-grass steppe experiences plant respiration stagnation when 
the soil moisture content is saturated or grassland plants are wilted for a long time [77]. In 
arid and semiarid grassland regions, precipitation is the main limiting factor affecting plant 
growth and reproduction and also has a great influence on respiration efficiency.
5. Synergistic effects of warming and precipitation on plant 
functional traits
Temperature and precipitation are important ecological factors of plant growth [78]. Their 
exclusive or composite change has important effects on plant. Plant functional traits’ sensitiv-
ity and adaptability to warming and precipitation change determine the degree of the climate 
change impact on their ecosystem.
In the future climate change scenario, temperature and precipitation are co-changing, and 
the multifactor effect is significantly different with the simple combination of single-factor 
effect [41]. The existing simulation experiments on the effects of climate change on plants are 
mostly isolated temperature or precipitation changes [42], and the range of temperature and 
precipitation is relatively small. Generally, precipitation is divided into different degrees of 
drought [79], and the temperature change refers to 2–3°C of warming [13]. Research showed 
that plant growth has an optimum range for temperature and water changes and growth is 
inhibited if it exceeds or below the optimum range [80, 81]. If hydrothermal range set in the 
research is too small or deviated from the optimum range, it is unable to gain a comprehen-
sive understanding of the process of plant responses to hydrothermal change and limits the 
threshold value and adaptation range of plant response to hydrothermal change. Thus, it 
has a disadvantage in understanding the adaptation mechanisms of plants to warming and 
precipitation changes.
5.1. Synergistic effects on plant morphology
Higher temperature promotes plant growth and increases plant productivity [82]. Raising 
temperature at 3°C can make the mixed grassland underground biomass increase by 11.6% 
[83], and the increase of water content can promote the net primary productivity of high-
grass grasslands [84] and increase the total leaf area [85]. Mild drought does not affect plant 
growth, while excessive drought inhibits plant growth [86]. The simultaneous increase of 
temperature and precipitation will significantly increase net primary productivity (NPP) of 
terrestrial ecosystems, while temperature and precipitation decrease at the same time will 
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significantly reduce NPP [84]. The above ground net primary production (ANPP) of grassland 
plant responds to the annual average temperature in logistic relations [87], and the response 
to precipitation is linear [88].
The effect of precipitation on the Stipa plant height is greater than that of temperature, but 
the effect of temperature on the total leaf area is greater than that of precipitation. The plant 
morphology response of Stipa under synergistic effects of warming and precipitation is dif-
ferent from the exclusive effects. Synergistic effects do not show a significant effect on Stipa 
leaf number but has a significant influence on root length. The synergistic effects have no 
significant effect on Stipa plant height [89], while it has a significant effect on the plant height 
of Leymus [90]. It is showed that the response of different plant morphologic characteristics to 
hydrothermal synergy is different. The influence of hydrothermal synergy to different plant 
functional traits should be taken into account, and sensitivity indicators are selected to indi-
cate the response of grassland dominant species to hydrothermal synergistic effects.
5.2. Synergistic effects on plant photosynthesis
Plant photosynthesis is susceptible to internal rhythms and external environmental factors 
(sunlight, temperature, water, etc.). When temperature changes within the optimum range 
for plant photosynthesis, the effect of temperature on photosynthesis is positive [91]. Most 
plants’ photosynthesis optimum temperature has a great difference in different environ-
mental conditions. In high-latitude and high-elevation grassland ecological system, the low 
temperature is often the key limited factor of the plant growth, and warming can promote the 
plant photosynthesis efficiency in that area [92].
However, the increase temperature causes changes in other environmental factors such as 
soil moisture. These growing environment changes together with increased temperature will 
jointly affect plant photosynthesis. In the arid and semiarid grassland, precipitation is the 
main limiting factor of plant growth [62]. Increasing temperature will reduce plant photosyn-
thesis [52]. The possible reason is that in the whole growing season, daytime air temperature 
largely increases, and warming causes increasing plant transpiration rate and reduces the soil 
moisture [58], even leading to dry land. According to the research by Chaves et al. [93], plants 
under drought stress usually reduced carbon assimilation which consequently limited plant 
growth. In addition, soil drought after warming is often the main reason that affects photo-
synthetic physiology of plants. Farquhar and Sharkey [94] believed that factors influencing 
plant photosynthesis were not only stomatal opening or closing but also other non-stomatal 
factors. For example, increasing temperature reduces soil moisture and chlorophyll content of 
Stipa krylovii; these changes lead to the decline of photosynthesis efficiency.
In typical arid and semiarid grasslands, effective water is the most important factor control-
ling plant functional traits. The photosynthesis efficiency of plants decreases under drought 
condition. According to research by Niu et al. [64], increased precipitation significantly pro-
moted the photosynthetic efficiency of Stipa krylovii, especially under soil moisture deficiency 
caused by temperature increasing. Precipitation may raise phosphorus regeneration ability in 
photosynthetic phosphorylation process and the chlorophyll content.
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5.3. Synergistic effects on plant respiration
The respiration rate is not only related to the environment but also related to plant growth. 
Under environmental conditions, respiration rate of the same plant varies with its age and 
growth stage. For example, the young organ with strong activity of meristem has the stron-
gest respiration rate. As plants grow, respiration rate slows down. There are two peaks of 
respiration during the growth of individual plants: one is the germination period; the other is 
the flowering period. In the arid and semiarid grassland, the highest respiration rate of Stipa 
appeared in the late spring, with a slight dropped in summer and a rise in fall, until the lowest 
in winter [95].
The daily change of plant respiration efficiency is mainly affected by temperature, which is 
the highest in the afternoon and lowest in the night [95]. Seasonal variation is mainly affected 
by the interaction between temperature and rainfall, and it is related to the limiting factors 
of the ecosystem. Precipitation change in Inner Mongolia grassland is a decisive factor in the 
change of respiration rate of Stipa krylovii [96]. It is found that excessive high temperature 
can reduce the respiration rate, but increasing precipitation will lead to a higher respiration 
rate. However, at the high-temperature conditions, increasing precipitation can reverse the 
respiration inhibition effects caused by warming. It is suggested that the changes of respira-
tion rate depend on the matching relationship between soil moisture and heat factor [97]. In 
arid and semiarid grassland, there is a significant positive correlation between temperature 
and plant respiration rate [98], and in spring and summer when the temperature raise above 
15°C, soil moisture will replace the temperature and build a strong positive correlation with 
respiration rate [99, 100].
6. Conclusion
Under the background of climate change, the response of plant functional traits to tempera-
ture and precipitation change directly affects the function and stability of the ecosystem. Plant 
morphology, photosynthesis, and respiration process have an optimum temperature range, 
below or above which the growth of photosynthetic and respiration rates will be inhibited. 
Precipitation change also plays an important role on plant growth and physiological and eco-
logical process. Water is the main limiting factor affecting plant growth in arid and semiarid 
grassland. In arid and semiarid grasslands, the proper ratio of warming and precipitation is 
the key factor to regulate the plant functional traits, including plant morphology, photosyn-
thesis, and respiration characteristics.
Drought is an important factor that results in the decrease of grassland ecosystem productiv-
ity, biodiversity loss, and ecosystem degradation. In particular, the increase in temperature 
leads to further aggravation of drought, which seriously affects the growth of grassland 
plants. Enhanced precipitation could increase the grassland plants’ optimum growth temper-
ature, which means that improving precipitation could contribute to resist high-temperature 
stress. Temperature and precipitation increased synergistic effects have positive effect on 
plant growth.
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In the past 40 years, the annual mean temperature and annual precipitation change increased 
in arid and semiarid grassland in China, and precipitation suffered reduction. In the future, 
the temperature will rise in China grassland area, and precipitation will have a weakly reduc-
ing trend. A slight increase in temperature and decrease in precipitation will probably pro-
mote the growth of underground part of grassland plants. However, if precipitation decreases 
by more than 30%, the increase in temperature may inhibit the growth of grassland plants. 
Therefore, climate change in the future will be mainly manifested as temperature rise, and it 
would make arid and semiarid grasslands in China develop further drought trend, which will 
be detrimental to the carbon budget and ecological health of grasslands.
Author details
Dan Li
Address all correspondence to: lidan0617@live.com
College of Environmental Sciences and Engineering, Peking University, China
References
[1] Zhang X, Zwiers F, Stott P. Multi-model multi-signal climate change detection at regional 
scale. Journal of Climate. 2006;19:4294-4307. DOI: 10.1175/JCLI3851.1
[2] Kruijt B, Witte J, Jacobs C, et al. Effects of rising atmospheric CO2 on evapotranspira-tion and soil moisture: A practical approach for the Netherlands. Journal of Hydrology. 
2008;349:257-267. DOI: 10.1016/j.jhydrol.2007.10.052
[3] Gillett N, Zwiers F, Weaver A, et al. Detection of human influence on sea level pressure. 
Nature. 2003;422:292-294. DOI: 10.1038/nature01487
[4] Zhang X, Zwiers F, Hegerl G, et al. Detection of human influence on twentieth-century 
precipitation trends. Nature. 2007;448:461-464. DOI: 10.1038/nature06025
[5] Allan R. Human influence on rainfall. Nature. 2011;470:344-345. DOI: 10.1038/470344a
[6] Hao XY, Han X, Ju H, et al. Impact of climatic change on soybean production: A review. 
Chinese Journal of Applied Ecology. 2010;21:2697-2706
[7] Cheng J, Cheng JM, Hu TM. Distribution responses of Lespedeza Davurica community 
on Loess Plateau to climate change. Chinese Journal of Applied Ecology. 2011;22(1):35-40
[8] Yuan JW, Ni J. Plant signals and ecological evidences of climate change in China. Arid 
Land Geography. 2007;30:465-473
[9] Meng TT, Ni J, Wang GH. Plant functional traits, environments and ecosystem function-
ing. Journal of Plant Ecology. 2007;31:150-165. DOI: 10.1111/jpe.15119
The Plant Functional Traits of Arid and Semiarid Grassland Plants under Warming and…
http://dx.doi.org/10.5772/intechopen.79744
13
[10] Walther G, Post E, Convey P, et al. Ecological responses to recent climate change. Nature. 
2002;416:389-395. DOI: 10.1038/416389a
[11] Li D. Plant functional traits of Carex and Potentilla around Beijing mountainous areas. 
Chinese Journal of Ecology. 2013;32:2023-2028
[12] Liu Y. Chinese grassland monitoring report of 2016. China Animal Industry. 2017;2:18-35
[13] You L, Shen JG, Pei H, et al. The climate change of Inner Mongolia area in 50 years and 
an 10-20 years outlook of future trend. Meteorology Journal of Inner Mongolia. 2002;4: 
14-18
[14] Niu JM. Impacts Prediction of climatic change on distribution and production of grass-
land in Inner Mongolia. Acta Agrestia Sinica. 2001;9:277-282
[15] Bai YF. Influence of seasonal distribution of precipitation on primary productivity of 
Stipa krylovii Community. Acta Phytoecologica Sinica. 1999;2:155-160
[16] Bai YF, Xing XR, Xu ZX, et al. β-diversity of Stipa communities in Inner Mongolia Pla-
teau. Chinese Journal of Applied Ecology. 2000;11:408-412
[17] Bai YF, Li LH, Huang JH, et al. The influence of plant diversity and functional composi-
tion on ecosystem stability of four Stipa Communities in the Inner Mongolia Plateau. 
Acta Botanica Sinica. 2001;43(3):280-287
[18] Li LH. Effects of Land-use change on soil carbon storage in grassland ecosystems. Acta 
Botanica Sinica. 1998;22:300-302
[19] Jia BR, Zhou GS, Wang FY, et al. Soil respiration and its influencing factors at grazing 
and fenced typical Leymus chinensis Steppe. Environmental Sciences. 2005;26:1-7
[20] Niu SL, Li ZX, Xia JY, et al. Climatic warming change plant photosynthesis and its tem-
perature dependence in a temperature steppe of northern China. Environmental and 
Experimental Botany. 2008;63:91-101
[21] Bowes G. Facing the inevitable: Plants and increasing atmospheric CO2. Annual Review of Plant Physiology and Plant Molecular Biology. 1993;44:309-332. DOI: 10.3390/7010021
[22] Atkin OK, Scheurwater I, Pons TL. High thermal acclimation potential of both photosyn-
thesis and respiration in two lowland Plantago species in contrast to an alpine conge-
neric. Global Change Biology. 2006;12:500-515. DOI: 10.1093/gcb035
[23] Han M, Ji CJ, Zuo WY, He JS. Interactive effects of elevated CO2 and temperature on the leaf anatomical characteristics of eleven species. Acta Ecologica Sinica. 2006;26(2):326-333
[24] Loveys BR, Scheurwater I, Pons TL, Fitter AH, Atkin OK. Plant growth temperature 
influences the underlying components of relative growth rate: An investigation using 
inherently fast- and slow-growing plant species. Cell and Environment. 2002;25:975-987. 
DOI: 10.1007/s11356-014-3739-1
[25] Pritchard SG, Rogers HH. Spatial and temporal deployment of crop roots in CO2-enri-chded environments. New Phytologist. 2000;147:55-71. DOI: 10.2134/np2000.0164
Plant Growth and Regulation - Alterations to Sustain Unfavorable Conditions14
[26] Hodge A, Berta G, Doussan C, Merchan F, Crespi M. Plant root growth, architecture and 
function. Plant and Soil. 2009;321:153-187
[27] Drennan PM, Nobel PS. Root growth dependence on soil temperature for Opuntia ficus-
indica: Influences for air temperature and a doubled CO2 concentration. Functional Eco-logy. 1998;12:959-964
[28] Hou Y, Wang KY, Zhang YB, Zou CJ. Effects of elevated CO2 concentration and tem-
perature on root structure of subalpine Betula albo-sinensis seedlings in western Sichuan, 
southwestern China. Journal of Beijing Forestry University. 2008;30:29-33. DOI: 10.1007/
s004420000385
[29] Xu ZZ, Zhou GS. Effects of soil moisture on growth characteristics of Leymus chinensis 
seedlings under different temperature conditions. Chinese Journal of Ecology. 2005;24: 
256-260. DOI: 10.1007/s00425-006-0281-5
[30] Guo LD, He XD. Phenotypic plasticity of Artemisia sphaerocephala under different air tem-
perature and soil moisture. Journal of Desert Research. 2011;31:987-991
[31] Hou Y, Luo ZK, Jenerette GD, Wang KY. Effects of elevated CO2 and temperature on growth and morphology of fir (Abies faxoniana rehd.et wils) and native herbs in a treeline 
ecotone: An experimental approach. Polish Journal of Ecology. 2010;58:311-322
[32] Bai YF, Xu ZQ, Li DX. On the small scale spatial heterogeneity of soil moisture, carbon 
and nitrogen in Stipa Communities of the inner Mongolia Plateau. Acta Ecologica Sinica. 
2002;22:1215-1223
[33] Yuan WP, Zhou GS. Responses of three Stipa communities net primary productivity 
along Northeast China transect to seasonal distribution of precipitation. Chinese Journal 
of Applied Ecology. 2005;16:605-609
[34] Zhou C, Yang YF, Li JD. Physiological response of two divergent Leymus chinensis types 
to drought stress in the Songnen Plain. Chinese Journal of Applied Ecology. 2002;13: 
1109-1112
[35] Shi YH. Sensitivity of typical plants in temperate grassland to CO2 concentration and precipitation changes [Thesis]. University of Chinese Academy of Sciences; 2015
[36] Xu ZZ, Wang CA, Li H. Effects of soil drought on photosynthesis, nitrogen and nitro-
gen translocation efficiency in wheat leaves. Agricultural Research in the Arid Areas. 
2004;4:75-79, 91
[37] Sampson DA, Allen HL. Region influences of soil available water-holding capacity and 
climate, and leaf area index on simulated loblolly pine productivity. Forest Ecology and 
Management. 1999;124:1-12
[38] Zhu ZM, Yang C, Cao MM, Liu K. Changes of plant leaf area and its relationships with 
soil factors in the process of grassland desertification. Chinese Journal of Ecology. 2010; 
29:2384-2389
The Plant Functional Traits of Arid and Semiarid Grassland Plants under Warming and…
http://dx.doi.org/10.5772/intechopen.79744
15
[39] Fu AH, Chen YN, Li WH. Analysis on the change of Populus euphratica Oliv. and 
P. Russkiy Jabl under different irrigation volumes in temperate desert zone. Chinese 
Science Bulletin. 2010;55:965-972. DOI: 10.1186/1471-2164-15-326
[40] Sicher RC, Barnaby JY. Impact of carbon dioxide enrichment on the responses of maize 
leaf transcripts and metabolites to water stress. Physiologia Plantarum. 2012;144:238-253. 
DOI: 10.1111/j.1399-3054.2011.01555.x
[41] Case AL, Barrett CH. Ecological differentiation of combined and separate sexes of 
Wurmbea dioica (colchicaceae) in sympatry. Ecology. 2001;82:2601-2616
[42] Farquhar GD, Von CS, Berry JA. A biochemical model of photosynthetic CO2 assimila-tion in leaves of C3 plants. Planta. 1980;149:78-90. DOI: 10.1007/BF00386231
[43] Mae T. Physiological nitrogen efficiency in rice: Nitrogen utilization, photosynthesis, 
and yield potential. Plant and Soil. 1997;196:201-210
[44] Walker B, Steffen W. An overview of the implication of global change for natural and 
managed terrestrial ecosystem. Conservation Ecology. 1997;1:2-20
[45] Morgan JA, Lecain DR, Pendall E. C4 grasses prosper as carbon dioxide eliminates 
desiccation in warmed semi-arid grassland. Nature. 2011;476:202-205. DOI: 10.1038/
nature10274
[46] Chapin FS, Shaver GR, Giblin AE, et al. Responses of arctic tundra to experimental and 
observed changes in climate. Ecology. 1995;76:694-711
[47] Gong CM, Ning PB, Wang GXA. Review of adaptable variations and evolution of pho-
tosynthetic carbon assimilating pathway in C3 and C4 plants. Chinese Journal of Plant 
Ecology. 2009;33:206-221
[48] Berry J, Bjorkman O. Photosynthetic response and adaptation to temperature in higher 
plants. Annual Review of Plant Physiology. 1980;31:491-643
[49] Lee BH, Won SH, Lee HS, et al. Expression of the chloroplast-localized small heat shock 
protein by oxidative stress in rice. Gene. 2000;245:283-290
[50] Delgado E, Mitchell RA, Parry MA, et al. Interacting effects of CO2 concentration, 
temperature and nitrogen supply on photosynthesis and composition of winter wheat 
leaves. Plant, Cell & Environment. 1994;17:1205-1213. DOI: 10.1111/pce.12105
[51] Xu ZZ, Zhou GS. Effects of water stress and high nocturnal temperature on photosyn-
thesis and nitrogen level of a perennial grass Leymus chinensis. Plant and Soil. 2005; 
269:131-139
[52] Shah NH, Paulsen GM. Interaction of drought and high temperature on photosynthesis 
and grain-filling of wheat. Plant and Soil. 2003;257:219-226
[53] Hikosaka K, Ishikawa K, Borjigidai A. Temperature acclimation of photosynthesis: 
mechanisms involved in the changes in temperature dependence of photosynthetic rate. 
Journal of Experimental Botany. 2006;57:291-302. DOI: 10.1093/jxb/erj049
Plant Growth and Regulation - Alterations to Sustain Unfavorable Conditions16
[54] Wan SQ, Xia JY, Liu WH. Photosynthetic overcompensation under nocturnal warming 
enhances grassland carbon sequestration. Ecology. 2009;90:2700-2710
[55] Chapin FS, Shaver GR. Physiological and growth responses of arctic plants to a field 
experiment simulating climatic change. Ecology. 1996;77:822-840
[56] Guo YQ, Alimus GQZ. Photosynthetic characteristics of Stipa purpurea under irrigation 
in northern Tibet and its short-term response to temperature and CO2 concentration. Chinese Journal of Plant Ecology. 2011;35:311-321
[57] Liorens L, Pefnuela J, Estiarte M. Eco-physiological responses of two Mediterranean 
shrubs, Erica multiflora and Globularia alypum, to experimentally drier and warmer condi-
tions. Physiologia Plantarum. 2003;119:231-243. DOI: 10.1016/j.plantarum.2003.004
[58] Loik ME, Redar SP, Harte J. Photosynthetic responses to a climate warming manipu-
lation for contrasting meadow species in the rocky mountains. Functional Ecology. 
2000;14:166-175
[59] Potts DL, Huxman TE, Enquist BJ. Resilience and resistance of ecosystem functional 
response to a precipitation pulse in a semi-arid grassland. Journal of Ecology. 2006;94: 
23-30
[60] Fang JY, Piao SL, Tang ZY. Inter annual variability in net primary production and pre-
cipitation. Science. 2001;293:1723a. DOI: 10.1126/science.293.5536.1723a
[61] Weltzin JF, Loik ME, Schwinning S. Assessing the response of terrestrial ecosystems to 
potential changes in precipitation. BioScience. 2003;53:941-952
[62] Knapp AK, Fay PA, Blair JM. Rainfall variability, carbon cycling, and plant species diver-
sity in a mesic grassland. Science. 2002;298:2202-2205. DOI: 10.1126/science.1076347
[63] Wang H, Zhou GS, Jiang YL. Interactive effects of changing precipitation and elevated 
CO2 concentration on photosynthetic parameters of Stipa breviflora. Chinese Journal of Plant Ecology. 2012;36:597-606
[64] Niu SL, Yuan ZY, Zhang YF. Photosynthetic responses of C3 and C4 species to seasonal 
water variability and competition. Journal of Experimental Botany. 2005;56:2867-2876
[65] Hamerlynck EP, Huxman TE, Michael EL. Effects of extreme high temperature, drought 
and elevated CO2 on photosynthesis of the Mojave Desert evergreen shrub, Larrea triden-
tata. Plant Ecology. 2000;148:183-193. DOI: 10.1111/13022
[66] Zhao TH, Shen XY, Yang DG. Effects on chlorophyll content and photosynthetic rate of 
maize leaves under water stress and re-watering. Rain Fed Crops. 2003;23:33-35
[67] Hansen LD, Criddle RS. Calorespirometry in plant biology. In: Lambers H, Ribas M, 
editors. Plant Respiration: From Cell to Ecosystem. Netherlands: Springer; 2005. DOI: 
10.1007/1-4020-3589-6_2
[68] Liu FJ, Li HM, Wu GH. The effect factors of plant respiration. Journal of Agricultural 
Mechanization Research. 2004;3:267
The Plant Functional Traits of Arid and Semiarid Grassland Plants under Warming and…
http://dx.doi.org/10.5772/intechopen.79744
17
[69] Wang Z, Zhao ML, Han GD. Response of soil respiration to simulated warming and N 
addition in the desert steppe. Journal of Arid Land Resources and Environment. 2012; 
26:98-103
[70] Zhang Y, Hong M. Response of soil respiration to experimental warming and nitrogen 
addition in inner Mongolia Desert Steppe. Acta Agrectir Sinica. 2014;22(6):1227-1231
[71] Yu WL, Hansen D, Fan WY. Adaptation of Caragana to environmental temperature. 
Asian Journal of Plant Sciences. 2008;7:67-72
[72] Raich JW, Schlesinger WH. The global carbon dioxide flux in soil respiration and its 
relationship to vegetation and climate. Tellus. 1992;44:81-99
[73] Singh JS, Gupta SR. Plant decomposition and soil respiration in terrestrial ecosystems. 
The Botanical Review. 1977;43:449-528
[74] Jenkinson DS, Adam DE, Wild A. Model estimates of CO2 emissions from soil in response to global warming. Nature. 1991;351:304-306. DOI: 10.1038/351304a0
[75] Liu YD, Zhu JY, Chen J. Relationships of water content to photosynthesis, respiration 
and water potential in three species of mosses. Journal of Wuhan Botanical Research. 
2001;19:135-142
[76] Liu YD, Cao T, Li J. The net photosynthetic rate of two species of wintering host mosses 
for gall aphids and its response to light, temperature and water content. Chinese Journal 
of Applied Ecology. 2000;11:687-692
[77] Kallio P, Heinonen S. Ecology of Rhacomitrium. Reports from the Kevo Subarctic 
Research Station. 1973;10:43-54
[78] Tang GL, Ren GY. Reanalysis of surface air temperature change of the last 100 years over 
China. Climatic and Environmental Research. 2005;10:791-798
[79] Niu SL, Wan SQ, Ma KP. Acclimation and mitigation of terrestrial ecosystem and biodi-
versity to climate change. Bulletin of the Chinese Academy of Sciences. 2009;24:421-427
[80] Mo G, Nie D, Kirkham MB. Root and shoot weight in a tall-grass prairie under elevated 
carbon dioxide. Environmental and Experimental Botany. 1992;32:193-201
[81] Wang X, Taub DR. Interactive effects of elevated carbon dioxide and environmental 
stresses on root mass fraction in plants: A meta-analytical synthesis using pairwise tech-
niques. Oecologia. 2010;163:1-11. DOI: 10.1007/s00442-010-1572-x
[82] Wu Z, Dijkstra P, Koch GW, et al. Responses of terrestrial ecosystems to temperature 
and precipitation change: A meta-analysis of experimental manipulation. Global Change 
Biology. 2011;17:927-942. DOI: 10.1098/gcb.2011.1561
[83] Xu X, Sherry RA, Niu SL, et al. Net primary productivity and rain-use efficiency as 
affected by warming, altered precipitation, and clipping in a mixed-grass prairie. Global 
Change Biology. 2013;19:2753-2764. DOI: 10.1111/gcb.12248
Plant Growth and Regulation - Alterations to Sustain Unfavorable Conditions18
[84] Luo Y, Gerten D, Le Maire G, et al. Modeled interactive effects of precipitation, tem-
perature, and CO2 on ecosystem carbon and water dynamics in different climatic zones. Global Change Biology. 2008;14:1986-1999
[85] He WM, Zhang XS. Responses of an evergreen shrub Sabina vulgaris to soil water 
and nutrient shortages in the semi-arid Mu Us Sandland in China. Journal of Arid 
Environments. 2003;53:307-316. DOI: 10.1006/jare.2002.1051
[86] Xu ZZ, Zhou GS. Responses of photosynthetic capacity to soil moisture gradient in 
perennial rhizome grass and perennial bunchgrass. BMC Plant Biology. 2011;11:21. DOI: 
10.1186/1471-2229-11-21
[87] Luo T, Pan Y, Ouyang H, et al. Leaf area index and net primary productivity along sub-
tropical to alpine gradients in the Tibetan Plateau. Global Ecological Biogeography. 2004; 
13:345-358
[88] Zhou GS, Wang YH, Wang SP. Responses of grassland ecosystems to precipitation 
and land use along the Northeast China transect. Journal of Vegetation Science. 2002; 
13:361-368
[89] Williams AM, Wills KE, Janes JK, et al. Warming and free-air CO2 enrichment alter demo-graphics in four co-occurring grassland species. The New Phytologist. 2007;176:365-374. 
DOI: 10.1111/j.1469-8137.2007.02170.x
[90] Dukes JS, Chiariello NR, Cleland EE, et al. Responses of grassland production to single 
and multiple global environmental changes. PLoS Biology. 2005;3:e319. DOI: 10.1371/
journal.pbio.0030319
[91] Schleser GH. Investigations of the C3 pattern in leaves of Fagus sylvatica L. Journal of 
Experimental Botany. 1990;41:565-572
[92] Xu ZF, Hu TX, Zhang L. Short-term gas exchange responses of Betula utilis to simu-
lated global warming in a timber-line ecotone, eastern Tibetan Plateau, China. Chinese 
Journal of Plant Ecology. 2010;34:263-270
[93] Chaves M, Pereira JS, Maroco J. How plants cope with water stress in the field. 
Photosynthesis and growth. Annals of Botany. 2002;89:907-916
[94] Farquhar GD, Sharkey TD. Stomatal conductance and photosynthesis. Annual Review 
of Plant Physiology. 1982;33:317-345. DOI: 10.1093/aob/mcf105
[95] Han GX, Zhou GS, Xu ZZ. Soil temperature and biotic factors drive the seasonal varia-
tion of soil respiration in a maize agricultural ecosystem. Plant and Soil. 2007;291:15-26
[96] Hao YB, Wang YF, Cui XY. Drought stress reduces the carbon accumulation of the 
Leymus chinensis steppe in Inner Mongolia, China. Chinese Journal of Plant Ecology. 2010; 
34:898-906
[97] Niu S, Wu M, Han Y. Water-mediated responses of ecosystem carbon fluxes to climate 
change in a temperate steppe. New Phyologist. 2008;177:209-219
The Plant Functional Traits of Arid and Semiarid Grassland Plants under Warming and…
http://dx.doi.org/10.5772/intechopen.79744
19
[98] Wildung RE, Garland TR, Busehbom RL. The interdependent effect of soil temperature 
and water content on soil respiration rate and plant root decomposition in arid grass-
land soils. Soil Biology and Bioehemistry. 1975;7:373-378
[99] Schuur EA. Productivity and global climate revisited: The sensitivity of tropical forest 
growth to precipitation. Ecology. 2003;84:1165-1170
[100] Oechel WC, Vourlitis GL, Hastings SJ. Acclimation of ecosystem CO2 exchange in the Alaskan Arctic in response to decadal climate warming. Nature. 2000;406:978-981. DOI: 
10.1038/35023137
Plant Growth and Regulation - Alterations to Sustain Unfavorable Conditions20
